of Gramoxone. She developed vomiting five hours later and was admitted at 72 hours with severe buccal and oral ulceration. She was dehydrated, with a slight fever, but had no other signs.
In the initial investigation the abnormal results included a white cell count of 15-5 x 109/l (90% neutrophils); serum sodium 120 mmol/l, potassium 2-2 mmol/l, urea 19 6 mmol/l, and creatinine 434 mmol/l. Microscopic examination of urine showed red blood cells in addition to hyaline and cellular casts. The urinary paraquat concentration five days after ingestion was 0-8 pg/ml. The initial spirometric values, arterial blood gases, liver function, and chest radiograph were within normal limits.
The acute renal failure improved with supportive management, the glomerular filtration rate rising from 15 to 94 ml/min. The mouth ulceration resolved completely.
The first evidence of lung damage was an asymptomatic reduction in transfer factor for carbon monoxide (TLCO) 14 days after ingestion, followed by breathlessness during exertion at 21 days. The chest radiograph then showed fine linear shadowing in both upper zones. The patient was started on oral prednisolone 20 mg daily, which was reduced over five weeks; her breathlessness and pulmonary function improved ( out both lungs (fig la) , and died 10 days after admission.
At necropsy the lungs were consolidated and together weighed 1860 g. When they were sectioned severe haemorrhages were noted throughout and the subpleural zone showed pronounced fibrous thickening, particularly in the upper lobes. Histologically, the acute changes attributed to paraquat included widespread, almost confluent intra-alveolar haemorrhage, reticulated oedema, and proliferation of intra-alveolar macrophages, some being fused to form giant cells. Interstitial changes were limited to patchy oedema with early variable fibrosis. Disruption of alveolar walls had occurred to produce irregular air spaces lined by fibrin or hyaline membranes, and bronchopneumonia was present. The histological changes attributed to the first ingestion of paraquat consisted of pronounced subpleural thickening up to 3 mm in width, composed almost entirely of smooth muscle ( fig 2) . Distorted terminal bronchioles embedded in the smooth muscle contained polymorphonuclear leucocytes and were surrounded by lymphocytes. CASE 2 A 52 year old nurse developed increasing exertional breathlessness with a dry, irritating cough over four to five weeks. She was unable to climb stairs and friends noticed that she was cyanosed. Her colleagues persuaded her to have a chest radiograph, which ultimately led to her admission.
On examination crepitations were audible over the left upper lobe and a chest radiograph showed extensive patchy opacification throughout the left lung and in the right lower zone (fig lb) . A routine chest radiograph two years before had been normal. At this point she admitted that five weeks previously she had accidentally swallowed a mouthful of weedkiller, later identified as Gramoxone, which had been stored in a "coke" bottle. She spat it out immediately but 24 hours later developed vomiting, diarrhoea, and a sore throat lasting for three days.
On admission her urea and creatinine concentrations and liver function were within normal limits. As she remained breathless she was treated with oral prednisolone 30 mg daily, which was reduced over five weeks, and she gradually improved. Sequential pulmonary function tests over the following year showed progressive improvement ( lung. She was pale and dehydrated, with a small superficial ulcer on the buccal mucosa, but was otherwise normal. Her urine output was good (over 20 ml/h) but her blood urea on admission was 43 5 mmol/l and serum creatinine 732 imol/l. The urine contained granular, hyaline, and red cell casts.
After intravenous rehydration, the urea concentration had fallen to 8 2 mmol/l and creatinine to 118 yimol/l on the sixth day after admission, and the casts cleared from the urine. A chest radiograph on admission was normal. Severe ulceration of the distal oesophagus was seen after a barium meal and confirmed at endoscopy; candidiasis was excluded by biopsy. On direct questioning, she denied the ingestion of any caustic substance or paraquat. She gradually became increasingly breathless on effort. A repeat chest radiograph 14 reported."9 The appearances described range from pulmonary oedema7 and widespread interstitial and intra-alveolar shadowing8 to radiological changes suggestive of pulmonary fibrosis persisting for six months or more in the three survivors reported by Fock and Chan.6
Our first patient presents the unique case of two separate injuries to the lungs following repeated paraquat ingestion. On the first occasion a smaller dose of paraquat resulted in mild breathlessness, with functional and radiological changes that had improved over the year of follow up. The second dose was larger and lethal, with postmortem changes attributable to the two episodes, which were separated by 12 months.
At postmortem examination in the first case there was evidence of subpleural thickening consisting of pronounced smooth muscle proliferation, presumably derived from hyperplasia of vascular and airway smooth muscle. The location of the subpleural mature smooth muscle, with incorporation of bronchioles, indicates that the appearances are due to the previous pulmonary paraquat injury.1'0' The second paraquat ingestion caused acute changes consisting of intra-alveolar haemorrhage and oedema with early interstitial fibrosis. Previous necropsy reports of survivors for five to eight days after paraquat ingestion describe identical features and pronounced subpleural fibrosis,'2 although this was not evident in patient 1, in whom subpleural mature smooth muscle was the dominant feature.
The toxic effects of paraquat on the lung are not fully explained but paraquat is now known to accumulate selectively in lung tissue.'3 In addition, it undergoes a nicotinamide adenine dinucleotide phosphate dependent one electron reduction to form its free radical, which reacts with molecular oxygen to reform the cation and produce a superoxide anion; this is then believed to mediate the toxic effects on the lung. Paraquat poisoning should be considered in the differential diagnosis of patients who have unexplained renal failure or progressive pulmonary changes-particularly if there is a history of a persistent sore throat and mouth or unexplained painful dysphagia. Shortly after paraquat ingestion adsorbents and purging may be of value, but once the changes are established there is no clear evidence that any treatment is helpful. The various treatments that have been tried include lung transplantation'5 but changes developed in the transplanted lung, suggesting paraquat damage, and the patient died after two weeks. Immunosuppresants,'6 colchicene, '7 and radiotherapy'8 have also been used, but in the patients who recovered it has always been difficult to assess the contribution of the treatment.
Prednisolone was given to our three patients but without clear indication of benefit. Nevertheless, the confirmation that paraquat lung is not invariably fatal is encouraging. We suggest that all patients who have evidence of paraquat poisoning should be monitored for deterioration in pulmonary function for up to a month after ingestion, as evidence of pulmonary damage may not develop for several weeks.
